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Introduction
In recent years the self-measurement of blood pressure (BP) at home (HBP) has begun to be increasingly used since it can solve some of the limitations of the clinicbased measurements of blood pressure (CBP). These limitations include failure to diagnose isolated clinical hypertension, the 'white-coat' phenomenon, BP measurement variability, observer bias, low reproducibility, and poor correlation with damage in target organs. Also, a better cost-effective relationship has been observed with self-measured HBP than with ambulatory blood pressure measurements (ABPM) [1] . Several studies have shown that with self-measured HBP the mean values [2, 3] reproducibility [4, 5] and correlation with damage in target organs [6] [7] [8] are similar to the ABPM with good correlations between both methods.
To be more generally used in diagnosis and follow-up of hypertensive patients, it is necessary to know the values that define the threshold of normality. To achieve this goal, long-term studies are the most appropriate. Unfortunately, the costs of these studies are high and so the available data are scarce. The only reported study of this kind was performed by the Ohasama group [9, 10] , who suggested 137/84 mmHg as a reference value. Crosssectional studies are more accessible and, with appropriate statistical safeguards, can provide good reference values. Reference values based on the mean plus two standard deviations or on the ninetieth or ninety-fifth percentiles [11, 12] have very little clinical interest, describing results without any relation to cardiovascular mortality. More interesting are the values obtained from regression lines or from the correspondence of the different cut-off points of CBP for which the threshold of normality is known and how it relates to cardiovascular mortality can be established. The studies with this methodology are scarce. Even more infrequent is this kind of study in general populations and based on selfmeasured HBP. One of these is the PAMELA study [13] , that relied on the values of two self-measured HBP values (one in the morning and one in the evening) in a single day with 1438 subjects. The Dübendorf study, [14] used a similar methodology but over several days using 503 subjects. The Didima study [15] had four self-measurements (two in the morning and two in the evening) over three days with 562 subjects.
Our exhaustive search of the literature indicated a lack of studies involving large and general population samples and multiple self-measured HBP's. Neither were there any studies conducted in a Spanish population that would provide data on self-measured HBP distributions.
The aim of the present study is to know which values of multiple self-measured HBP correspond with those derived from the regression lines, percentiles and cutoff points of percentiles.
Subjects and methods
This is a descriptive study performed in a general population in semi-urban and rural areas of the Albacete Province of Spain. These areas were selected based on a previous study of the prevalence of cardiovascular disease risk factors [16] in which the population pyramid of the selected areas and the mean in blood pressure values did not differ from the overall population of the Province. Furthermore, the participation index (83.7%) in the now selected areas was the highest of all those studied [16] . The actual selection includes the following population centres: La Roda, Casas Ibáñez, Villamalea, Fuentealbilla and Herrumblar. The study sample of 1411 subjects (randomized and stratified with respect to age and gender) was selected from the general population census. These individuals were contacted by post with a letter explaining the background and proposals of the study and in which a specific appointment time and date to attend their local Primary Health Care Centre [PHCC] was proposed. Those who did not show up at the appointment were contacted by telephone and the aims of the study were again explained, collaboration urged and a new appointment issued.
All those who agreed and kept their clinical appointment, attended the PHCC between 0900-1100 h and were attended to by a nurse who had been previously trained to correctly perform the BP measurements as defined for the study and who had successfully passed an approval test (video of the British Hypertension Society). To start, a general questionnaire was filled in, collecting name, personal and family clinical history, habits and prior treatments. This was followed by a more specific questionnaire on the diagnosis of hypertension. Subsequently, the BP measurement was performed under standard clinic consulting-room conditions. Initially, three measurements, separated by 2-3 min each, were made with an electronic device (OMRON 705CP) that had been previously validated [17, 18] . The data were noted together with the heart rate (HR). After this, three more BP measurements were made using a mercury sphygmomanometer, also with 2-3 min intervals after which the HR was measured again. In all the measurements, a cuff size appropriate for the patient's arm was used. The nurse then instructed the subjects, or the family member who assumed responsibility for the home-based measurements, in the use of the automatic electronic device and the nurse observed the procedure to ensure that a minimum of two self-measurements were performed correctly.
At home, the patients recorded a total of 12 selfmeasurements, three measurements in each of the following four time-periods: before lunch, before dinner, at bedtime and in the morning on arising from bed. The results of the BP and HR were noted on clean datacollection sheets that were provided to the subjects. At the conclusion of the 12 self-measurements, the subject filled-out a questionnaire containing five questions on the self-measurement procedure, the person who assumed responsibility for the measurement and on any difficulties encountered. All measuring devices were calibrated prior to being used in the fieldwork.
Statistical methods
We have calculated the mean values and their standard deviations of the different BP and HR measurements (with the electronic device and with mercury sphygmomanometer) obtained in the clinic consulting rooms and at home. Correlations between the different methods of measurement were also calculated using Pearson's correlation coefficient. Differences in the means of the BP measured in the clinic and at home were assessed using Student's t-test for paired data. The cut-off point for the diagnosis of hypertension on the clinic measurement was established as 140/90 mmHg and the limit of normality as 130/85 mmHg. These values have been recommended by recent guidelines [19, 20] . From these cut-off points, and using regression lines or with the correspondence of percentiles, the corresponding values for the home-based measurements were calculated. A maximum alpha error of 5% was tolerated.
were known hypertensive subjects undergoing treatment and their data were excluded from the study. Therefore, the final sample consisted of 989 subjects with a mean age of 44.3 years (SD = 16.4) 498 of whom (50.4%) were female. The measurements at home were described as being 'easy' by 89% of the subjects and were selfperformed by 77% of them.
The mean BP and HR values obtained in the consulting room were significantly higher than those measured at home (see Table 1 ). In the consulting room, the mean BP and HR values measured by the electronic device were significantly higher than those obtained with the mercury sphygmomanometer ( Table 1 ).
The distribution curve of self-measured HBP was normal although shifted to lower values than the CBP curve obtained with the electronic device ( Fig. 1 ).
The mean values of BP, not only those obtained in the clinic with the electronic device but also those based on self-measured HBP increase with age in a similar way in males and females, being always higher in males (Fig. 2 ). The differences in systolic pressure increase the older the subject, at least up to 70 years of age in males and up to 60 years in females. The differences between clinic and home pressure measurements were significant except for ages over 80 ( Fig. 2 and Table 2 ) and similar for males and females. With respect to the HR, the values were greater in females and the distribution was somewhat irregular with respect to age. Heart rates were higher in the clinic than at home although the differences are significant only for females ( Fig. 3) but not clinically relevant. The mean value of the difference was 1.4 beats/minute for males (P > 0.05) and 2.4 beats/min for females (P < 0.05).
The CBP and self-measured HBP show a high correlation.
A higher correlation was obtained if we use the three clinic measurements performed with the electronic device (BP S ; r = 0.84 and BP D ; r = 0.77) instead of the three measurements with the mercury sphygmomanometer (BP S ; r = 0.83 and BP D r = 0.73). The correlation was slightly lower if only the first clinic-based measurement with the electronic device was used (BP S r = 0.81 and BP D r = 0.71). With regard to the HR, a high correlation also existed between the clinic and home measurements with a higher correlation being observed between the three HR measurements made with the electronic device (r = 0.73) by the nurse in the interval of the three measurements of BP made with the mercury sphygmomanometer (r = 0.72). 5 show, for each individual, the blood pressure data (clinic against home measurements, both using the electronic device). The differences between CBP and self-measured HBP distributions indicate that the values defining normality for self-measured HBP have to be lower than in the case of CBP. The excellent correlation allows one to deduce the limits of normality from the corresponding values in the regression line or from the correspondence of percentiles. If we compare this with the reference values from Tsuji et al., [9] (percentile 80 for the BP S and percentile 87 for BP D ) our 12 home-based measurements provide a value for the diagnosis of hypertension of 133.2/81.7 mmHg for the overall population. Table 4 summarizes the values that, in the selfmeasurement HBP, correspond to the mean values plus standard deviations and with the ninetieth and 20-30 4.4 (9.1) P < 0.001 3.3 (6.7) P < 0.001 30-40 5.3 (9) P < 0.001 3.4 (6.3) P < 0.001 40-50 7.4 (9.4) P < 0.001 5.2 (6.7) P < 0.001 50-60 7.9 (10.1) P < 0.001 4.7 (6.9) P < 0.001 60-70 6.1 (14.3) P < 0.001 3.7 (6.9) P < 0.001 70-80 3.9 (13.8) P = 0.003 1.8 (7.5) P = 0.009 80 + 3.8 (13.8) P = 0.102 NS 2 (8.4) P = 0.165 NS Differences in mmHg; BP S , Systolic blood pressure; BP D , diastolic blood pressure; SD, standard deviation. ninety-fifth percentiles. Of the 12 self-measurements, eight values were used (the first measurement of each measuring period has been excluded).
Figures 4 and

Discussion
The population sample in this study is representative of the general population of the Albacete Province with a very close distribution in age and gender. Certain limitations of other published studies have been avoided. For example, in the PAMELA study [13] with one of the largest sample sizes to date, only two home-based measurements were performed (one in the morning and one in the evening). The Dübendorf, study [14] had measurements over 14 days but still with only one in the morning and one in the evening. The validity of the first measurement of a given session has been seriously questioned by several investigators [6] and therefore raises questions on the interpretations of the results of these two studies. Also, the measurements on the first day should be discarded and only the values on the subsequent days be used according to several authors [2, 21] . However, it would appear that the important issue is the number of self-measurements conducted. One single day could be sufficient provided that a certain minimum of measurements were performed [5, 6, 22] . 
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Correlations between clinic and home-based blood pressure self-measurements. SMPBH: Self-measurements blood pressure at home. Significant differences between the mean values of the clinic BP measurements developed with the electronic device and mercury sphygmomanometer exist. These differences are probably due to the sequence of measurements and also to the number of measurements, as well as the white-coat effect of the subjects decreasing.
Another important issue is that the same electronic device has to be used for the clinic and home measurements to avoid bias due to the device.
As in other studies [5, 13, 14, 23, 24] this study confirms the fact that CBP gives higher values than self-measured HBP. The differences between these two kinds of measurement were similar in both genders and in all age groups, indicating independence with respect to these two variables. As in the PAMELA study [13] , we did not observe any increase in the differences with the age of the subjects and we agree with Mancia et al. [13] in that to consider home-based values of 140/90 mmHg as the normal blood pressure upper limit would be wrong.
The possible alarm reaction (or 'white coat-syndrome') in the clinic, characterized by a rise in blood pressure response and by tachycardia, does not appear to be the cause of the observed differences. The heart rate differences between the clinic and home measurements were significant in the overall population but, being of the order of 2-3 beats/min (clinically irrelevant), it is risky to totally assign them as an alarm reaction. In addition, if we exclude heart rate measurements of the subjects on waking-up, the differences are only of 1-2 beats/min and therefore not statistically significant. On the other hand, heart rates have shown an irregular distribution with respect to age in our sample.
It is worth noting that the correlation between the CBP and self-measured HBP in the present study has been the highest among the known studies that have performed similar comparisons. The correlations were 0.81/0.75, 0.76/0.77, 0.76/0.75, and 0.73/0.64 in the Didema study [15] , the Dübendorf study [14] , DeGaudemaris et al. [25] and Mancia et al. [13] respectively. This fact stresses the importance of our study to establish correspondence between the CBP and self-measured HBP reference values.
When comparing the data from the present study with other studies that have used similar criteria in trying to establish reference values for self-measured HBP, we observe that, using regression criteria, the values that we obtain are lower than those from the Didima [15] and similar to the upper limit of the range proposed by the PAMELA study [13] . Using the criteria of percentile correspondence, the values obtained in our study are also lower than those of the Didima study [15] . Using the same methodology as in the Dübendorf study [14] with only the first clinic measurement being considered, our study also provides somewhat lower values by comparison. However, in explaining these small differences it has to be noted that the population studied in the Dübendorf study comprised a slightly older age range and contained a lower percentage of females.
In the Didima study [15] using both regression criteria and percentile correspondence, the proposed values are higher than those of all the other studies. In addition, it is the only study in which the self-measured HBP values exceed those from the CBP. Table 5 summarizes the characteristics and the reference values proposed by the principal studies conducted to date. One aspect not yet clear, and which continues to generate controversy, is the number of measurements to be taken into account in establishing reference values. In the different studies described above, the criteria have been quite different. For home-based measurements, consensus documents [19, 20, 26] do not provide clear guidelines. Our conclusion is that there is a need to perform repeated measurements in order to achieve good reproducibility and correlation with organic illness and with the morbidity-and mortality [10, 27] . Therefore, we designed our study with 12 self-measurements performed in a single day, which we considered would be reproducible and representative of the mean blood pressure values of an individual over the time-course of a single day. Our previous experience [5, 6] provided evidence that repeated measurements performed in a single day, as proposed for this study, show the same reproducibility as ambulatory monitoring and have a similar relationship to organic illness [5, 6] .
It appears that the measuring device, as well, can generate a certain alarm reaction when first encountered. Hence, some investigators [6] propose excluding the first measurement when the device is being used for the first time. In the present study we attempted to get around this problem by having a trained nurse guide the subject through the process. Even so, excluding the first measurement in each one of the self-measurement sessions would result in even lower proposed reference values (Table 4 ). With regard to the clinic measurements, the alarm reaction of the subject appears to be towards the environment of the consulting rooms and not towards the use of the electronic device, because ignoring the first measurement did not result in any differences. Our exclusion of the known hypertensives on treatment from the analysis implies a high probability of not including the 'white-coat' hypertensives. We had some doubts about using the first clinic measurement alone which previously had been related to cardiovascular morbidity-and mortality in long-term studies, or using the three measurements, because they correlate better with the home measurements-in the end, we decided to use the mean values from the three measurements developed in the clinic with the electronic device.
One limitation of this study could be that the measurements were all made over a single day. However, epidemiological studies that relate clinic BP with cardiovascular risk are usually based on single day measurements. Other statistical strategies, such as the mean value plus two standard deviations or the ninetieth and the ninety-fifth percentiles that some authors have proposed, appear to over-estimate the values ( Table 4 ).
The reference value of 135/85 mmHg as the limit of normality for self-measured HBP could be an overestimate and, as stated by Myers [28] , appears to be based more on received opinion rather than on real data. From the data obtained in the present cross-sectional study, and while awaiting results from long-term studies that may or may not confirm our findings [29] , our proposal is to consider values above 134/85 mmHg for the diagnosis of hypertension when looking at self-measured HBP and values of 124/80 mmHg as the limits of normality, with only slight differences when the age and the gender of the subject are taken into account.
The Ohasama study [9] proposes a higher threshold to define hypertension (137/84 mmHg), and the reasons for the difference with our study could be that the sample of this study was older than 40 years (mean age 60.9 years) and the subjects made only one home BP measurement each day. 
